Copper, zinc, iron and manganese contents were determined in edible parts of some fresh vegetables sold on markets in Poznañ. The copper and zinc contents in vegetables obtained in the present study were compared to the ones reported from an analogous study carried out in the Department of Horticultural Plant Fertilization in Poznañ fifteen years ago. Samples of vegetables were collected from six points distributed in the area of Poznañ from March to July at monthly intervals. For the study, vegetables were divided into three groups according to edible parts: leaves (lettuce, cabbage, parsley, leek), roots (carrot, celeriac, parsley) and fruits (tomato, cucumber). The concentration of copper, zinc, iron and manganese was determined by the atomic flame absorption method using an AAS 3 Zeiss apparatus. The highest content of copper was found in roots of celeriac, while the smallest content was shown in cabbage leaves. The highest mean content of zinc was found in lettuce leaves and the lowest one in tomato fruit. The mean content of copper in all the vegetable species was lower in 2005 than in 1993. In 1993 more zinc was found in vegetables whose edible parts were fruits compared to the results of 2005. The vegetables whose leaves and roots are eaten were characterized by a higher zinc content in 2005. The highest content of iron was found in leaves of leek, while the lowest amounts were determined in tomato and cucumber fruits. The highest mean content of manganese was found in leaves of lettuce, while the smallest amount was in carrot roots. The iron content in the vegetables whose leaves and fruits are edible parts was lower in 2005 than in 1993, while the root vegetables were characterized by more iron in 2005. Higher content of manganese in all the vegetable species examined was found in 1993 than in 2005. 
INTRODUCTION
There is a scarcity of papers discussing the problem of copper and zinc content in edible parts of vegetable plants. Copper and zinc are micronutrients necessary for proper plant development. In appropriate amounts, they are essential for plants, but their excessive quantities may cause some disturbances in development of plants and result in their depressed quality. Vegetables are an important source of micronutrients for humans and animals. In some regions of Poland, vegetables can be contaminated with these metals, but most vegetables are characterized by small amounts of copper and zinc. Many researchers undertake trials to assess the content of heavy metals in edible parts of vegetables. Iron deficit in humans and animals is a very urgent global problem. It is estimated that iron deficit affects about 65% of people, particularly in African and Asiatic countries (BROWN 2004) . Vegetables are a source of microelements in the human diet. They are also fed, fresh or processed, to animals (GRZYOE 2004) . Production of vegetables which are of suitable quality and consumption value is highly important for people and animals.
The objectives of the present study, carried out in the Department of Horticultural Plant Fertilization of the Poznañ University of Life Sciences, were to: -determine copper, zinc, iron and manganese content in edible parts of vegetables frequently consumed by residents of Poznañ; -compare the current copper, zinc, iron and manganese content in vegetables with results obtained in an analogous study carried out in the Department of Horticultural Plant Fertilization in Poznañ fifteen years ago.
MATERIAL AND METHODS
Samples of fresh market vegetables were taken from six points distributed in Poznañ, from March to July 2005 at monthly intervals. For the purpose of this study, vegetables were divided into three groups according to edible parts: leaves (lettuce, cabbage, parsley, leek -120 samples), roots (carrot, celery, parsley -90 samples) and fruits (tomato, cucumber -60 samples). In total, 270 samples were taken from nine vegetable species. The material for studies was prepared in the same way as it is done for consumption, i.e., it was washed under running water and cleaned. Washed vegetables were fragmented and dried in an exhaust drier at 55°C. The dried material was ground in a laboratory mill. From each sample, 2.5 g of dry plant matter was weighed out and mineralised in a muffle furnace at 450°C. After complete mineralization, combusted samples were solved in 10% HCl and transferred to flasks of 50 cm 3 capacity. The concentration of copper, zinc, iron and manganese was determined by the atomic flame absorption method using an AAS 3 Zeiss apparatus.
The statistical processing of the results included analysis of variance for copper, zinc, iron and manganese content in edible parts of the vegetable species examined. Statistical analyses were carried out using Statobl programme, a univariate analysis of variance for factorial orthogonal experiments. Differences between mean values were determined at the significance level of α = 0.05
RESULTS AND DISCUSSION
The content of copper in edible parts of the vegetables studied in 2005 ranged from 0.6 mg⋅kg -1 d.m. in cabbage up to 9.2 mg⋅kg -1 in lettuce (Table 1). While analyzing the mean content of copper in the particular vegetables, the highest amount of this metal was found in leek, while cabbage was characterized by the lowest Cu content. In a study carried out by TYKSIÑSKI (Table 1 ). These authors found the highest copper content in parsley roots, where it was 43.7% higher than the Cu content in this vegetable in 2005. On the other hand, the smallest copper content was found in leek, where it was 66.6% smaller than 2005. Small amounts of copper in vegetables are caused by rapid depletion of this metal from the soil (CZUBA, MUSZYÑKI 1993) and by lack of routine fertilization with microelements (SIENKIEWICZ-CHOLEWA, WRÓBEL 2004). As reported by CZUBA (1996) , in whole Poland there are as many as 39% of soils with a low content of copper available to plants In our study, the content of zinc ranged from 4.9 mg⋅kg -1 d.m. in tomato to 118.8 m g⋅kg -1 d.m. in lettuce (Table 2) . A study by GAMBUOE and WIEC-ZOREK (1995) also showed the highest amount of Zn in lettuce. The highest mean content of zinc was found in lettuce leaves, while the lowest content was found in tomato fruits. In the vegetables studied by TYKSIÑSKI et al. (1993) , zinc content ranged from 10.3 mg⋅kg -1 d.m. in carrot roots to 104.6 mg⋅kg -1 in tomato fruits ( Table 2 ). The same authors found the highest amount of zinc in tomato fruits, where it was 245.3% higher than the Zn content in tomato fruits in 2005 . TYKSIÑSKI et al. (1993 found the smallest amount of zinc in carrot roots, where it was 14.4% smaller in comparison with the content found in 2005. Such significant differentiation of zinc content in edible parts of vegetables is connected with specific characteristic features (ROOM-SINHK SHARAMA, SINGH 1994), which strongly affect accumula- (HRYÑCZUK et al. 1996) . Deficit of zinc is the most important deficiency of micronutrients, limiting the world production of food (TAKKAR, WALKER 1993) .At present, adhering to admissible contents of copper and zinc in vegetables is no longer obligatory. In spite of that, determination of such metals as copper and zinc in edible parts of vegetables is necessary for constant monitoring of vegetable food products. BOSI- ACKI and GOLCZ (2004) undertook investigations aimed at determination of the content of zinc and copper in vegetables grown in production farms in OEroda Wielkopolska. The authors did not find any cases of excessive copper content in edible parts of plants, but excessive amounts of zinc were detected in two vegetable species: red cabbage and red beet.
The comparison of our results with the results obtained in an analogous study by TYKSIÑSKI et al. in 1993, both carried out in the area of Poznañ, revealed that the mean content of copper in the vegetable species examined was lower in 2005 than in 1993 (Table 3) .
The analysis of changes in the copper content in edible parts of the particular species showed that in 2005 only two vegetables, leek and parsley, contained more copper in edible parts than in 1993 (Table 1) . In carrot roots and tomato fruits, the mean copper content remained unchanged between the two years, and in the other vegetable species more copper was determined in 1993.
In The iron content determined in edible parts of the vegetables ranged from 14.8 mg⋅kg -1 d.m. in cucumber fruits to 228.5 mg⋅kg -1 d.m. in leek. Analyzing the mean content of this metal in edible parts of the particular vegetables, we found out that the highest amount of iron occurred in leek. On the other hand, tomato fruits were characterized by the smallest amount of iron. Smaller amounts of Fe were reported by GOLCZ and D£UBAK (1998) . TYKSIÑSKI et al., who studied vegetables in 1993, found that the Fe content ranged from 14.4 mg⋅kg -1 d.m. in roots of celeriac to 326.9 mg⋅kg -1 d.m. in parsley leaves (Table 4 ). These authors found that the highest mean content of iron was in lettuce leaves, where it was 120.4% higher than the iron content in lettuce determined in 2005. The lowest amount of Fe found by TYKSIÑSKI et al. (1993) appeared in celery, where it was 126.9% lower than the quantity found in 2005. The lowest content of manganese in lettuce leaves was 2.5 mg⋅kg -1 d.m. (Table 5 ). The highest mean content of manganese was found in lettuce leaves, while the smallest amount was in carrot roots. In the 1993 study, the content of manganese ranged from 4.4 mg⋅kg -1 d.m. in carrot roots to 45.2 mg⋅kg -1 d.m. in cabbage leaves (Table 5 ). In 1993, the highest mean content of manganese was found in lettuce leaves, where it was 13.5% smaller than the manganese content in lettuce leaves analyzed in 2005. The smallest mean amount of Mn in 1993 was found in carrot roots, where it was 96.1% higher than the content determined in carrot roots in 2005. At present, adhering to the admissible iron and manga- (  c  n  i  z  d  n  a  r  e  p  p  o  c  e  h  t  s  t  n  e  t  n  o  c  e  g  a  r  e  v  a  f  o  n  o  s  i  r  a  p  m  o  c  e nese levels in vegetables is no longer obligatory. However, determination of the content of such metals as iron and manganese in edible parts of vegetables is necessary in order to monitor these food products.
Comparing the results of our study with an analogous study carried out by TYKSIÑSKII et al. in 1993, it 
